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Abstract: 

The present invention relates to a method for producing an aluminum nitride 
ceramic having a high thermal conductivity ratio. The method comprises the 
following steps: providing an aluminum nitride powder as a raw material; 
adding into the raw material an admixture of sintering aids selected from Dy*O s , 
CaO, BsOa, and the like; blending the resulting mixture uniformly to form an AIN 
mixture; adding a binder, a dispersant, a plasticizer, and the like into the AIN 
mixure; making the AIN mixture into an AIN green body by means of 
dry-pressing or tape-casting techniques; after removing the binder from the 
green body, placing the green body into a graphite furnace into which a flowing 
nitrogen as a protection atmosphere is fed; sintering the green body at a 
temperature ranging from 1550"C to 180CTC; and keeping the temperature for 
2-6 hours to produce thereby a high-density AIN ceramic. The method of the 
present invention has the advantages of being a simple process, with the 
sintering step easily controlled and the resulting substrate being flat and 
smooth, etc. 
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What claimed is: 

1. A method for producing an aluminum nitride ceramic with high thermal 
conductivity comprising the following steps: 

( 1 ) Formulating an AIN mixture by: 

a: employing AIN powders as a raw material, which has an average granule 
diameter of 0.2-3. 0|Wtn, oxygen content of 1.2 wt% or less, nitrogen content of 33.0 
wt% or more, and carbon content of 0.06 wt% or less; and 

b: adding an admixture of sintering aids into the AIN powders wherein the 
admixture is a combination of two or three of the following compounds: a rare earth 
metal oxide or fluoride, an alkali earth or alkali metal oxide, and an oxide of the IE 
group elements, resulting in a formulation of: 

the rare earth metal oxide or fluoride: 0-10.0 wt% 
the alkali earth or alkali metal oxide: 0-6.0 wt% 
the oxide of the III group elements: 0-6.0 wt% 
the AIN powders: balance amount 

wherein the rare earth metal oxide or fluoride is any one of Y2O3, Dy 2 03, Sm 2 03, 
and YF 3 ; the alkali earth or alkali metal oxide is CaO or Li 2 0, and the oxide of the EI 
group elements is B2O3 or Ga20*; 

(2) Making an AIN body by : 

a: fabricating an AIN green body by dry-pressing process which is accomplished 
by firstly adding a binder of polyvinyl alcohol (PVA) or polyvinyl butyral (PVB) into 
the AIN mixture obtained from the step (1) at a ratio of the mixture to the binder being 
1:0.03-0.05; granulating the resulting mixture and then molding the granules into the 
AIN green body under a pressure of 90-1 OOMPa; 

b: fabricating an AIN tape body by a cast molding process which is accomplished 
by firstly adding a solvent, a dispersant, a plasticizer, and a binder into the AIN 
mixture obtained from the step (1) to form a cast slurry having a composition of: 
the solvent: 32-45 wt% 

the dispersant: 1-3 wt% 
the plasticizer: 0.5- 2wt% 
the binder: 5 -7 wt% 

the AIN mixture: balance amount 
wherein the solvent is any one of ethanol, ethyl butyl ketone and cyclohexanone; 
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the dispersant is glycerin trioleate or fish oil; the plasticizer is dibutyl phthalate; and 
the binder is polyvinyl butyral (PVB); 

(3) Burning off the binder from the resulting A1N body by: 

(a) : burning off the bindeT from the A1N green body within an atmosphere 
furnace at a temperature from room-temperature to 600t: with air being the 
atmosphere wherein the temperature increases at a rate of 0.4-0.6 °C per minute, and 
then at a temperature from 600°C to 1150°C with a flowing nitrogen gas being the 
protecting atmosphere wherein the temperature increases at a rate of 2-3 "C per 
minute; 

(b) : burning off the binder from the A1N tape body within an atmosphere furnace 
at a temperature from room temperature to 600 °C with air being the atmosphere 
wherein the temperature increases at a rate of 0.2-0.3 V per minute, and then at a 
temperature from 600 °C to 115()°C with a flowing nitrogen gas being the protecting 
atmosphere wherein the temperature increases at a rate of 2-3 "C per minute; 

(4) Putting the A1N body resulted from the binder-bruning off step into a gTaphite 
furnace feeding with a flowing nitrogen gas, then sintering the body at a temperature 
of lSSO'C-lSOO'C for 2-6 hours, and obtaining a high-density A1N ceramic thereby. 
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A Method for Producing an Aluminum Nitride Ceramic 
with High Thermal Conductivity Ratio 

The present invention belongs to a field of material technology, and specifically 
relates to a method for producing an aluminum nitride ceramic with high thermal 
conductivity ratio. 

With rapid development of the micro-electronics technology, the substrate plate 
used as an electric-insulating material is required to possess higher thermal 
conductivity ratio and a distinguished dielectric performance. A1N has became a new 
generation of the high-density packaging material due to its high thermal conductivity 
capability, the adaptation of its thermal expansion coefficient to that of Si and GaAs, 
and its excellent mechanical and electronic performances, However, AlN is difficult to 
be sintered because it is a covalent complex bonded by a covalent linkage; 
furthermore, owing to the strong affinity between AlN and A1 2 0 3? an AlN powder 
usually contains Al 2 0 3 , and consequently, the oxygen in the AlN powder will greatly 
reduce the intrinsic thermal conductivity of AlN and thereby will cause a defect with 
respect to lattice of the complex. Therefore, in the prior manufacturing processes, a 
certain amount of an alkali earth metal oxide or a rare earth metal oxide such as CaO, 
Y 2 0 3 , or the like is used as a sintering aid and added into an AlN mixture. For either 
of the substrate plate made by dry-press molding process and the substrate made by 
cast molding process, the AlN mixture is sintered at a high temperature ranging from 
185(TC to 1900°C for 2-6 hours in a furnace feeding with a flowing N 2 gas or the like 
as a protecting atmosphere. The disadvantages of this prior process include that it is 
difficult to be applied to a metallized co-sintering process because of the high 
temperature adopted in the sintering step and that the smoothness and roughness of 
the substrate is not easy to control. 

The object of the present invention is to provide a new method for producing an 
aluminum nitride ceramic with Jugh thermal conductivity ratio, comprising the step of 
adding a sintering aid in the sintering process to reduce the sintering temperature and 
to render the sintering process easily controlled. In particular, by the method of the 
present invention, the densification could be also achieved at a lower sintering 
temperature even if an AlN powder having a bigger average particle diameter is 
employed as a raw material. 

The method of the present invention for producing an aluminum nitride ceramic 
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with high thermal conductivity comprises of the following steps : 
(1) Formulating an AIN mixture by: 

a: employing AIN powders as a raw material, which has an average granule 
diameter of 0.2-3. O^im, oxygen content of 1.2 wt% or less, nitrogen content of 33.0 
wt% or more, and carbon content of 0.06 wt% or less; and 

b: adding an admixture of sintering aids into the AIN powders wherein the 
admixture is a combination of two or three of the following compounds , a rare earth 
metal oxide or fluoride, an alkali earth or alkali metal oxide, and an oxide of the III 
group elements, resulting in a formulation of: 

the rare earth metal oxide or fluoride: 0-10.0 wt% 
the alkali earth or alkali metal oxide: 0-6.0 wt% 
the oxide of the III group elements: 0~6.0 wt% 
the AIN powders: balance amount 

wherein the rare earth metal oxide or fluoride is any one of Y2O3, Dy 2 C>3, Sm 2 03, 
and YF 3 ; the alkali earth or alkali metal oxide is CaO or Li z O, and the oxide of the III 
group elements is B2O3 or GasO^; 

(2) Making an AIN body by: 

a: fabricating an AIN green body by dry-pressing process which is accomplished 
by firstly adding a binder of polyvinyl alcohol (PVA) or polyvinyl butyral (PVB) into 
the AIN mixture obtained from the step (1) at a ratio of the mixture to the binder being 
1:0.03-0.05; granulating the resulting mixture and then molding the granules into the 
AIN green body under a pressure of 90-lOOMPa; 

b: fabricating an AIN tape body by a cast molding process which is accomplished 
by firstly adding a solvent, a dispersant, a plasticizer, and a binder into the AIN 
mixture obtained from the step (1) to form a cast slurry having a composition of: 

the solvent: 32-45 wt% 

the dispersant: 1—3 wt% 

the plasticizer: 0.5- 2wt% 

the binder: 5-7 wt% 

the AIN mixture: balance amount 
wherein the solvent is any one of ethanol, ethyl butyl ketone and cyclohexanone; 
the dispersant is glycerin trioleate or fish oil; the plasticizer is dibutyl phthalate or 
dibutyl titanate; and the binder is polyvinyl butyral (PVB); 

(3) Burning off the binder from the resulting AIN body by: 
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(a) : burning off the binder from the AlN green body within an atmosphere 
furnace at a temperature from room temperature to 600 °C with air being the 
atmosphere wherein the temperature increases at a rate of 0,4-0.6 °C per minute, and 
then at a temperature from 600°C to 1150°C with a flowing nitrogen gas being the 
protecting atmosphere where** the temperature increases at a rate of 2-3 °C per 
minute; 

(b) : burning off the binder from the A1N tape body within an atmosphere furnace 
at a temperature from room temperature to 600 °C with air being the atmosphere 
wherein the temperature increases at a rate of 0.2-0.3 °C per minute, and then at a 
temperature from 600 °C to 1150"C with a flowing nitrogen gas being the protecting 
atmosphere wherein the temperature increases at a rate of 2-3 °C per minute; 

(4) Putting the A1N body resulted from the binder-burning off step into a graphite 
furnace feeding with a flowing nitrogen gas, then sintering the body at a temperature 
of 1550 rt C-1800°C for 2-6 hours, and thereby obtaining a high-density AlN ceramic. 

Due to the following properties and characteristics, the admixture of sintering 
aids employed in the present invention brings advantages, including, that the sintering 
temperature can be chosen within a wide range, especially that the densification 
sintering can be accomplished at a lower temperature, to obtain an AlN ceramic 
having high and excellent performances which is more applicable in high-density 
packaging technology. 

1. The admixture of sintering aids employed in the present invention has a low 
eutectic liquid phase point that may be controlled within a temperature range of 
1350-1500'C. Therefore, in the method of the present invention, the sintering 
densification and the growth of crystal grains of the AlN ceramic are mainly 
controlled by the liquid phase and thus, the sintering is easier to be controlled. This 
principle is different from the one of the conventional methods where the sintering is 
proceeded at a high temperature. In the conventional methods, the sintering 
densification and the growth of crystal grains of the AlN ceramic are mainly 
controlled by diffusion. In particular, by the method of the present invention, the 
densification could be also achieved at a lower sintering temperature even if an AlN 
powder having a bigger average particle diameter is employed as a raw material. 

2, The admixture of sintering aids employed in the present invention does not 
have chemical activities causing the admixture to react with the AlN. So, the crystal 
morphology of the AlN appears to be a polyhedral, the growth of crystal grains is 
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perfect, and the crystal grains contact with each other by surface to surface. As a 
result, the cross section for thermal conducting is large, which is favor of improving 
the thermal conductivity of the A1N ceramic. 

3. The eutectic liquid phase, formed by the admixture of sintering aids employed 
in the present invention, has a lower liquid -phase point, resulting in a better 
flowability of the liquid phase. So, being promoted by the impetus produced during 
the grain growth, the crystal grains will retract to form triangle grain boundaries, and 
the occurrence of the second phase between the crystal grains will be reduced, which 
is favor of improving the thermal conductivity of the AlN ceramic. 

4. Some compositions of the admixture of sintering aids employed in the present 
invention have a much lower free energy (AG° ) for generating aluminates, 
consequently they could react with A1 2 0 3 to form aluminates at a lower sintering 
temperature. The crystal structures of the aluminates are mainly garnet crystals of 
cubic crystal system with excellent crystallizing capabilities. Therefore, the lattice 
oxygen can be easily and potently removed from the AlN crystal at a lower 
temperature, which is also favor of improving the thermal conductivity of the AlN 
crystal grains. 

5. During the step of sintering, some components of the admixture of sintering 
aids employed in the present invention may be volatized as they are, or may be 
volatized as a nitride, or be transformed into a solid solution of an aluminate, 
depending on the variety of the formulation of the admixture. All these play a role in 
refining grain boundaries and thereby improving the thermal conductivity of the AlN 
ceramic. 

Due to the above-mentioned characteristics of admixture of sintering aids 
employed in the present invention, the sintering temperature could be within a range 
of 1550'C~180(rC, i.e. decreasing by 200~350'C as compared with the temperature 
at which an AlN ceramic is sintered in a prior process. As a result, the method of the 
present invention has the advantages of being a simple process, with the sintering step 
easily controlled and the resulting substrate being flat and smooth, etc. Moreover, 
owing to this lower sintering temperature, the method of the present invention can 
guarantee the properties of a substrate plate (or substrate sheet) with respect to 
smoothness and roughness. On the other hand, it is easily to be co-sintered with a 
metal. These characteristics of the thus obtained substrate are substantially similar to 
those of A1 2 0 3 substrate that is currently widely employed in micro-electronics 
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packaging technology. However, the A1N ceramic obtained by the method of the 
present invention possesses the following properties: a thermal conductivity of 
80-200 W/m.k, a tearing resistance of 300MPa or more, a dielectic constant of 8.5-9.5, 
a dielectric loss of 30.0-^.OxlO- 4 , and a thermal expansion coefficient of 
4.3^4.6x10^/ °C, which are much morejuperiqr than. the properties of Al 2 03.substrate, 
Therefore, the present invention will facilitate the application of an A1N ceramic in 
the high-density packaging technology. 

The present invention is described in a way of specific examples hereinafter: 
(One) Preparation of A1N Ceramic Substrate Plate by Dry-press process 
An A1N mixture, having a average granule diameter of 2.5 um, oxygen content 
<1.1 wt%, nitrogen content >33.3 wt%, carbon content <0.03 wt%, is used as a raw 
material. A certain amount of an admixture of sintering aids such as Y2O3-B2O3 or 
DyzCh-CaCor the like is added into the raw material. The formulation is given in 
following Table 1. 

Table 1. Formulation of the A1N ceramic , Sintering Parameters, and 
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An absolute ethanol is added into the formulated mixture and the resulting 
mixture is blended in a ball-mill for 48 hours. The mixture is dried and sieved in the 
same way as the conventional method for producing a ceramic. Then, a small amount 
Of polyvinyl alcohol (PVA) or polyvinyl butyral (PVB) as a binder is added into the 
sieved material, and mixed uniformly. After being granulated, the mixture was formed 
into a green body with a desired shape and dimensions by dry-pressing process. The 
green body shall be subjected to a step of burning off the binder, which is 
accomplished in an atmosphere furnace at a temperature from room temperature to 
600 °C with air being the atmosphere wherein the temperature is controlled to increase 
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at a rate of 0.4-0.6 °C per minute depending on the thickness of the green body, and 
then at a temperature from 600*C to U50V with a flowing nitrogen gas being the 
protecting atmosphere wherein the temperature is controlled to increase at a rate of 
2-3 *C per minute. 

After the step of burning off the binder, the A1N green body is put into a graphite, 
furnace and sintered it therein while a flowing nitrogen gas is employed as a 
protecting atmosphere. As to the temperature and time for sintering, as well as the 
thermal conductivity of the sintered product, please refer to the above Table 1 . 

(Two) Preparation of A1N Ceramic Substrate by Cast Molding Process 

An A1N mixture, having a average granule diameter of 2. 5 urn, oxygen content 
<1.1 wt%, nitrogen content >33.3 wt%, carbon content <0.03 wt%, is used as a raw 
material. A certain amount of an admixture of sintering aids such as Y2O3-B2O3 or 
Dy 2 0 3 -CaO,orthe like is added into the raw material. The formulation is given in the 
above Table 1. According to the steps of a conventional method, a solvent, a 
dispersant, a binder and a plasticizer are added into the formulated mixture to form a 
casting slurry, and the slurry is blended for 24-48 hours. The composition of the 
slurry is given in the following Table 2. 

The slurry is cast into a tape body having a desired thickness and dimension by 
using tape-casting molding machine, and the tape body is cut into a green body in a 
shape of sheet with certain dimensions. Then, the binder is burned off from the green 
body in an atmosphere furnace in accordance with a conventional method, wherein 
the binder is burned off in air at a temperature from room temperature to 600 C with 
the temperature increasing at a rate of 0.4-0.6C per minute, and then the body is 
biscuit-fired at a temperature from 600 "C to 1 150°C with a flowing nitrogen gas being 
the protecting atmosphere and with the temperature increasing at a rate of 2-3 "C per 
minute. 

Following up the step of burning off the binder, the cast-molded A1N green body 
is put into a graphite furnace, and sintered therein at a temperature of 1650C for a 
period of 4 hours while a flowing nitrogen gas is employed as a protecting atmosphere. 
The thermal conductivity of the resulted products is given in Table 2. 
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